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Abstract 
The paper analyzes the impact of policies oriented to improve passenger public transportation and reduce emissions, 
on the traffic and emissions of Mexico City. Median and heavy trucks (over 3.5 tons) prohibition on the new BRT 
and trolleybus corridors are been implemented in Mexico City. We analyze the impact of such projects on the traffic, 
emissions and urban freight transportation. A macroscopic flow analysis (multimodal traffic assignment) for the 
estimation of flow and local emissions (NOx and CO) is used. Three scenarios area analyzed: current scenario, 
scenario with official prohibitions and scenario with real prohibitions. In order to compare the current scenario versus 
the other scenarios, a congestion index was used. The results do not show major impact on congestion index and 
emissions, but do on travel time for trucks. Medium and heavy trucks prohibition on arcs, belonging to the main 
freight transportation corridors, produces travel time increase (7%-9%) for these vehicles. 
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1. Introduction 
In Mexico, transportation planning does not take into account all of the stakeholders and neither the 
freight transportation needs. During the last three years, the Mexico City Government has been trying to 
improve passenger public transportation thought the implementation of Bus Rapid Transit systems (BRT) 
and exclusive lane bus systems (as trolleybus), on long corridors. The BRT and trolleybus lines occupy 
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two lanes on multi-lane streets. Freight vehicles over 3.5 tons are forbidden on these corridors. The 
problem is that many of such corridors cross industrial areas and coincide with corridors which were or 
are used by freight vehicles.  
Instead of improving arcs of the freight network in order to allow appropriate trucks’ movement, the 
opposite is happening; some arcs are been forbidden to large trucks. This situation has been producing 
changes on trucks paths and land-use in some zones.  
We analyze the impact of policies oriented to improve passenger public transportation and reduce 
emissions, on the traffic and emissions of Mexico City; specifically, we analyze the impact that the large 
trucks prohibition on the BRT and trolleybus corridors could have on the urban freight transportation, by 
means of macroscopic flow analysis.  
First, environmental policies around the world and in Mexico City are described; one policy for 
Mexico City is the improvement of passenger public transportation thought the implementation of several 
BRT lines and one trolleybus line. Later, the specific arcs with prohibitions due to the bus routes 
implementation, for medium and large trucks in Mexico City, are presented. Also trip-desire-lines, which 
were obtained from the medium and large trucks O-D matrixes, are presented.  
Then, the procedure for estimating flow and emissions is described, and the results for medium and 
heavy trucks in three scenarios (current scenario, scenario with official prohibitions and scenario with real 
prohibitions) are analyzed. Finally, conclusion and references are included. 
2. Environmental policies around the world 
According Quak and Koster [1], public policies to reduce impacts of freight transport usually are 
restrictive, such as heavy vehicle ban in particular areas or corridors, loading and unloading restricted 
times on public roads, vehicle weight restrictions on certain routes and zones, restricted time windows for 
reception and delivery of goods, and so on. However, despite the progress in urban distribution and 
logistics, there has not been enough research on the effect of these policies and measures on good’s 
movement or the response of carriers and cargo owners to them, and the effects and impacts on the 
transport system and environment.  
Some authors have analyzed the impact of different measures on freight transportation. Quak and 
Koster [2] analyze the impact of time windows policies on distribution and find that time windows have 
negative impact on retailer’s distribution cost and environment. They present case studies in Netherlands, 
and find that time windows cause an increase in the amount of global (CO2) and local (PM10, NOx and 
CO) emissions and also cause an increase in retailer’s distributions costs. Quak and Koster [2] analyze the 
impact of sustainability regulations (time windows and vehicle restrictions) on retailer’s distribution; they 
present case studies and find that time windows have important impact on retailers with many deliveries 
on a path, and vehicle restrictions have important impact on retailers with long paths and vehicle capacity 
constraints. Nakamura et al., [3] analyze the effect of urban transport measures (specifically, a truck-
forbidden corridor in Osaka City) on traffic and emissions, by means macroscopic simulation; they find 
that total travel time and emissions decrease on the heavy truck ban corridor but increase on the entire 
network. Holguín et al., [4] identify the conditions under which large trucks are the most beneficial in 
terms of social costs, and find that curtailing large-truck traffic may lead to an increase in small-truck 
traffic and social costs. 
Filippi et al. [5] propose a methodology for ex-ante assessment of measures on freight transport in 
urban areas (focused on pollutant emissions). The application of the methodology to the inner urban area 
of Rome shows that an urban distribution centre can be more effective in reducing environmental 
externalities than policies based on vehicle fleet renewal. 
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A summary of public policies and actions applied to urban freight transport systems in Europe [6, 7, 8, 
9, 10, 1], Japan [11, 12] and those proposed by Ogden [13], are described as follows: 
x Policies to promote efficient use of road infrastructure.  These are measures to minimize negative 
impacts of freight activities in local communities and to optimize the use of the infrastructure when it 
is not possible to increase the space on public roads. It also includes actions for transport companies to 
optimize their operational efficiency and to reduce traffic congestion and freight operations in 
congested areas or limited space areas. 
Some actions for a better use of road infrastructure are the following: definition of zones on the roads 
for loading and unloading; construction of docks for cargo handling in certain streets; use of physical 
barriers to restrict access to large freight vehicles; set storage sites to short term operations and 
implementation of exclusive lanes for trucks. Moreover, the authorities can promote the optimal use of 
infrastructure allowing overnight deliveries or during non-peak hours. 
x Policies to reduce environmental impact. They are measures to reduce environmental and social 
impacts caused by trucks. Some actions promote the extension of environmental standards, regulations 
and targets for reducing emissions, as the following: simplified regulations on weight, size and 
factory’s features for freight vehicles; definition of specific regulation for vehicle pollutant’s 
emissions; set time windows for vehicle access and loading / unloading operations; allowing overnight 
deliveries (with emission standards for noise control); defining environmental zones, where only 
vehicles with certain criteria pollutant emissions can access (to promote the use of environmentally 
friendly vehicles). 
x Policies to reduce the number of trips and travelled distance for freight vehicles. These measures 
suggest and in some cases impose to freight vehicles driver’s to reduce the number of trips. Also these 
actions prevent travelling through heavily congested areas or residential areas; they seek to minimize 
travel distances and to maximize the mobilized freight volume. These policies include fiscal measures 
such as tolls or taxes, and regulatory actions such as freight exclusive lanes or logistics platforms in 
urban centres.  
x Policies to encourage efficiency of urban freight carriers. These measures are designed to achieve 
transport regulations and labour standards in order to reach better performance of carriers, as well as to 
recognize observance of environmental standards and to promote best practices for more efficient fuel 
consumption with rewards to operators that meet these standards (credentials for sustainable operators 
and "benchmark" carrier). Other actions included in these policies are cooperative freight systems and 
control load factors, which aim to encourage the efficient use of truck capacity, offering operational 
benefits to those carriers that fulfil load factors above 60%. 
x Specific policies for reducing CO2 emissions. Specific policies to reduce CO2 emissions generated by 
freight transportation are the following: charging fees for road use and for access to specific areas; use 
of different modes for freight transportation (rail and waterways); actions to make more efficient goods 
distribution (logistics centres, information systems); allowing deliveries during off-peak hours and 
night hours; cargo consolidation for specific sectors (construction, office materials, food, etc); and use 
of alternative fuels and low carbon emissions vehicles. 
3. Environmental policies in Mexico City 
The main policies and strategies implemented for improving mobility and air quality in Mexico City 
are the following [14, 15, 16]: 
1. “Do not Drive Today” (“Hoy no circula”) policy: it seeks to reduce emission levels generated by 
mobile sources, through impeding that a percentage of vehicles travel one day a week in the 
Metropolitan Zone of Mexico City (MZMC). The policy is focused on polluting emissions, 
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encouraging the use of less polluting vehicles. The program is addresses to passenger and freight 
vehicles (the exceptions are governmental service vehicles, buses and diesel trucks). A periodic 
vehicle emissions test assigns to the most polluting vehicles, a sticker different to “0” or “00” which 
indicates that such vehicle is forbidden to travel one day a week and one Saturday a month. The 
goal for 2012 is to maintain the restriction to at least 5% of the vehicle fleet in week business days, 
20% on Saturdays and 30% for days when environmental contingencies are presented (days when 
pollution levels are hazardous to health).  
2. Vehicle emissions testing program: this is a permanent and mandatory program in the MZMC 
which is addressed to the registered vehicles (excluding motorcycles, buses and diesel trucks). As 
result of the emission test, the clean and efficient vehicles obtain a sticker “00” or “0” and they can 
travel every day of the week. The future goal of this program is to include motorcycles and to 
implement a self-regulation for large diesel vehicles (mainly trucks belonging to large companies). 
3. Program for the expansion and improvement of passenger transportation: the objective is improving 
passenger public transportation through the implementation of Bus Rapid Transportation (BRT) 
corridors on high demand routes. The short-term goal is to have ten corridors in the Federal District 
(Federal District is one of the two states in the MZMC). At moment, three lines are operating: Line 
1 on Insurgentes Avenue, Line 2 on Eje-4-Sur Avenue and Line 3 on Eje-1-Poniente Avenue; Line 
4 is in construction. Fig. 1 shows such lines in the MZMC. 
4. “Zero emissions corridor”: the objective of this measure is to promote the reduction of polluting 
emissions through the reorganization of the public passenger transportation on one of the main 
south-north corridors in the city (Eje-Central), by means of the substitution of the existing 
passenger buses (diesel) for trolley buses, and the prohibition of large trucks on the corridor (see 
Fig. 1). The prohibited trucks are over 3.5 ton or over 7.5 m length; they are forbidden from 06:00 
to 23:00 hr on the Eje-Central corridor within the central ring (the Bicentenario Circuit). The 
alternative paths are on the Eje-2-Oriente corridor, the Eje-3-Oriente corridor, and the roads where 
those vehicles are not forbidden. Exceptions are vehicles of less than 3.5 ton but length lower than 
7.5 m, and trucks transporting mail and construction, perishable and frozen products. Fig. 2 shows 
the restricted corridor segments. 
5. Program for freight transport regulation in the Historical Centre: the program restrains the cargo 
vehicles over 3.5 tons within the Mexico City historical centre (west part) between 7:00 am and 
10:00 pm. Exceptions are vehicles of 3.5 ton but length lower than 7.5 m, and trucks transporting 
mail and construction, perishable and frozen products. In addition, the government has 
implemented some pedestrian streets.   
6. The construction of a subway line (the number 12) is another action for reducing emissions. Such 
line is 24 km length and connects the western and the south-eastern parts of the city (from Mixcoac 
to Tláhuac). 
7. The Extensive Environmental Transportation Program: the objective of this strategy is planning and 
designing a program for improving the structure and operation of transportation in the metropolis; it 
includes the control of freight transportation by means of the regulation of operation times for 
freight vehicles, according with the results of a pilot regulation program for freight movement in the 
Federal District. Given that the pilot program was a voluntary restriction for trucks at rush hours, 
which only was followed for few days, this program is in standby. However, recently the Federal 
District government has convinced large companies (which have large fleets) to buy less polluting 
vehicles and to do night-time distribution. Many companies are taking this voluntary measure (in 
spite of the insecurity problems at night in certain zones of the city). 
 
441 Liliana Lyons et al. /  Procedia - Social and Behavioral Sciences  39 ( 2012 )  437 – 449 
 
Fig. 1. BRT lines (L1, L2, L3 and L4) and trolleybus line (zero emissions corridor) within the central part of the MZMC 
 
Fig. 2. Official restrictions and prohibitions for medium and heavy trucks within the central part of the MZMC 
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8. Finally, there are other programs to improve air quality and mobility such as: non-motorized 
mobility corridors (bike paths), scholar private transportation program, personnel carriers, and 
renewal of micro buses and taxis fleets. 
  
Therefore, the policies and strategies implemented for improving mobility and air quality in Mexico 
City do not try to improve the freight transport system; they are just restrictive to large trucks. 
4. Restrictions for medium and heavy trucks  
4.1. Medium and heavy trucks 
In this research, freight trucks are classified into four types: mini truck (≤1.5ton), small truck (two 
axles and ≤3.5ton), medium truck (non-articulated truck and articulated truck ≤20 ton), and heavy truck 
(articulated truck-trailer and doubly-articulated truck trailer). Fig. 3 shows examples of freight vehicles. 
Mini trucks and small trucks are commonly called vans, and medium and heavy trucks are commonly 
called large trucks.  
Given that medium and heavy trucks are those which require special roads (with particular physical 
and geometrical characteristics) and suffer road prohibitions, this analysis is focused on them. There are 
over 85 thousands heavy trucks and 170 thousands medium trucks, registered for operations in the 
MZMC; these trucks visit an average of two points a day and travel over 60 km a day within the city [17]. 
Heavy trucks usually make line-haul transportation, while medium trucks can make line-haul 
transportation or physical distribution. In both cases, the paths on the main freight transportation network 
are considered. 
Approximately 15% of the vehicles travelling in the MZMC are freight vehicles (over 600 thousand); 
they are distributed as follows: 57% are mini and small trucks, 29% are medium trucks and 14% are 
heavy trucks. 
 
 
Fig. 3. Examples of trucks 
4.2. Restrictions or prohibitions due to the bus routes implementation 
Medium and heavy trucks are forbidden on many arcs of the road network; they are constrained to the 
freight transportation network. These trucks are also forbidden on the central lanes of control-access roads 
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(roads without traffic lights) and avenues where lanes have a physical separation. Fig. 2 shows some 
important roads whose central lanes are forbidden for medium and heavy trucks. 
Many of the travelling restrictions or prohibitions, which are described in the previous section, are 
mainly oriented to medium and heavy trucks. Additionally, these trucks are prohibited on some arcs 
where the BRT and the trolleybus operate.  
The main official restrictions and prohibitions for medium and heavy trucks are shown in Fig. 2. 
Officially, the forbidden arcs are located on the central parts of the BRT and trolleybus corridors. 
However, in practice the forbidden arcs include all of the arcs of the BRT and trolleybus corridors (such 
restriction does not appear in an official document but it is carried out by means of traffic signing). 
The lengths of BRT and trolleybus lines are the following: Line 1, 28 km; Line 2, 20 km; Line 3, 17 
km; Line 4, 27 km; and trolleybus line, 17 km (see Fig. 1). 
The geographical distribution of the BRT and trolleybus lines is as follows (see Fig. 1 and Fig. 2):  
x Just the extreme arcs of Line 1 were parts of freight corridors; flow is towards north; 
x Line 2 was not a freight corridor; traffic flow is towards east; 
x Line 3 was a freight corridor, especially on the northern part where industrial zones exist; traffic flow 
is towards south; 
x Line 4 is still one of the main freight corridors (Line 4 is not implemented yet); traffic flow is towards 
north; 
x Trolleybus line was one of the main freight corridors; traffic flow is towards north; 
 
The BRT lines 1 and 2 could not have an important impact on the freight trucks movement, but BRT 
lines 3 and 4, and trolleybus line could, because they eliminate important freight corridors in the central 
part of the MZMC. 
The location of the forbidden corridors was visually compared with the location of over 6,000 freight 
demand points, observing that without these corridors the arriving to such demand points could require 
quite longer paths. 
5. Origins and destinations of medium and large trucks 
The needs of freight transportation in the MZMC, i.e. the amount of trucks' trips between each origin-
destination pair (O-D matrix), were identified from a survey’s information and they were represented as 
trip-desire-lines for each type of truck. Fig. 4 shows the trip-desire-lines for medium and heavy trucks in 
the central part of the MZMC. 
At the morning rush hour, there are over 1.6 millions of vehicle trips in the MZMC. Nearly 21% of 
them are truck trips, where 9% corresponds to mini trucks, 4% to small trucks, 6% to medium trucks and 
2% to heavy trucks. At such time, the medium and heavy trucks are mainly travelling on the peripheral 
roads, within industrial zones, and within the large commerce-services zones (as the central wholesale 
markets zones) [18]. 
Some of the trips of medium and heavy trucks have to cross the central part of the MZMC (see Fig. 4). 
The comparison of Fig. 1, Fig. 2 and Fig. 4 allows have an idea about what trips have to be modified due 
to trucks prohibition on the BRT and trolleybus corridors. The paths of such trips have to be modified 
avoiding the prohibited corridors for medium and heavy trucks.  
In order to determine the impact of such changes on the traffic and emissions of the MZMC (at the 
morning rush hour), a traffic assignment model was used. 
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Fig. 4. Trip desire lines for medium and large trucks, at the morning rush hour, and freight transportation network 
6. Procedure for the flow and emissions estimation 
A Multi-Modal User Equilibrium model was used for the estimation of the trucks flows, defining a 
class for each vehicle type on the network. The solution is the estimated flow for each vehicle type on 
each arc of the network. An O-D matrix was used for each vehicle type. 
A specific sub-network was used for each vehicle type, since some types of vehicles are forbidden on 
certain arcs. Medium and heavy trucks are limited to the freight network, but the rest of the types of 
vehicles can travel everywhere in the network. 
The road network has over 12,000 arcs and covers more than 5,400 kilometres (local streets are not 
included), while the freight network has over 4,500 arcs and covers nearly 2,000 kilometres of main roads.  
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NOx and CO emissions, for each arc of the network, were estimated by using the estimated flow and 
speed for the morning rush hour (resulting from the traffic equilibrium assignment), and emissions factors 
obtained from Mobile 5.a-Mexico City [19].  
The flow and emissions were estimated for the current situation and for two scenarios. Current scenario 
represents the situation before the BRT and trolleybus lines implementation on the freight corridors, when 
medium and heavy trucks can travel in the whole freight network. Scenario 1 considers that the medium 
and heavy trucks are forbidden on the whole BRT and trolleybus lines, as happens in practice (see Fig. 1), 
and Scenario 2 considers that such trucks are just forbidden on those segments of the BRT and trolleybus 
lines where it was officially established (see Fig. 2). 
In order to compare the current scenario versus scenarios 1 and 2, a congestion index was used [19]. 
The rate of estimated flow and capacity ( iU ) and the number of kilometres with such rate ( ik  ), were used 
for obtaining a congestion index (M ) by means Equation (1). The upper term considers the arcs whose 
flow is lower that their capacity, and gives a bigger value to near free-flow arcs, while the lower term 
considers high congested arcs and gives a bigger value to arcs which have worst congestion and delay. 
Then, M  is the rate between the kilometres with best flow and the kilometres with worst congestion and 
delay. Hence, if  BA MM ! , then scenario A is better than scenario B. 
The emissions comparison considers the number of NOx and CO tons for each scenario (for the 
morning rush hour). 
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7. Estimated flows and emissions without and with the recent environmental restrictions 
The estimated flow was obtained for each type of vehicle for each scenario. In order to identify the 
flow corresponding to medium and heavy trucks, such flows were isolated; they are shown in Fig. 5, Fig. 
6 and Fig. 7 within the central part of the MZMC. There are not significant differences on the distribution 
of the medium and heavy trucks flow, on the freight network, for the three scenarios; the most important 
differences appear in the central and north-western parts of the figures.  
Apparently, the traffic pattern in the MZMC doesn’t change due to the introduction of the trucks 
prohibitions on the BRT and trolleybus lines; and neither the traffic pattern for medium and heavy trucks 
have a significant change. Part of the explanation is that the trips whose path must be modified are few 
compared with the total number of trips in the MZMC.  
The obtained congestion index is 0.1090, 0.1087 and 0.1081 respectively for the current scenario, 
scenario 1 and scenario 2. This indicates that congestion has not a significant difference for the three 
scenarios (lower than 1% in the central part of the MZMC). 
The estimated emissions produced, by all type of vehicles in the central part of the MZMC, are nearly 
27 tons of NOx and 332 tons of CO, where the difference among the three scenarios is lower than 1%. 
The same situation was obtained for the emissions of medium and heavy trucks in the central part of the 
MZMC.  
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Fig. 5. Medium and heavy trucks flow for the current scenario 
 
Fig. 6. Medium and heavy trucks flow for the scenario which considers truck prohibition along the whole BRT and trolleybus 
corridors (which happens in practice) 
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Fig. 7. Medium and heavy trucks flow for the scenario which considers truck prohibition just where the regulations documents 
establishes 
However, the travel times on the network in the central part of the MZMC for the medium and heavy 
trucks have significant difference. The comparison of the travel times for the current scenario and for 
scenario 1 indicates that the travel time for scenario 1 is 9% higher for medium trucks and 8% higher for 
heavy trucks; the comparison between the current scenario and scenario 2 indicates that the travel time for 
scenario 1 is 7% higher for medium and heavy trucks. The extra travel time of scenarios 1 y 2 would 
imply extra cost in the freight transportation. 
The mentioned result could mean that, even though the same trucks are travelling in each one of the 
three scenarios, the medium and heavy trucks have to spend more time in the traffic in scenarios 1 and 2, 
due to longer paths resulting from the prohibitions on the BRT and trolleybus corridors. In practice, the 
trucks which had to change paths could be using farther freight corridors or near local streets. 
8. Conclusion 
Given that medium and large trips represent a small percent of the total vehicles travelling in the 
MZMC, the change of some truck paths in the central part of the metropolis, does not significantly impact 
total traffic and emissions during the rush hour. There is not analysis on the situation for off peak. 
The medium and heavy trucks prohibition on certain arcs, which are part of the main freight 
transportation corridors, produces travel time increase for these vehicles, during the morning rush hour in 
the MZMC.  
Some consequences of planning without taking into account freight transportation could be the 
following: trucks travelling on unsuitable roads and streets or/and on streets of residential zones, often on 
longer paths; the moving of facilities for trucks; and the increase of logistics cost and product prices. In 
the MZMC case, the implementation of public passenger transportation projects, without considering 
truck movements, can produce a travel time increase for trucks. 
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The recommendations are the following: 
1. The improvement of the freight transportation system by means the freight corridors implementation. 
Such corridors must have appropriate characteristics for trucks (medium and heavy trucks), in order to 
reduce negative impact and contribute to improving freight movement. The corridors could be used by 
other type of vehicles. 
2. Taking into account all stakeholders. Urban road infrastructure and transportation planning require 
take into account the needs of freight transportation additionally to the needs of passenger 
transportation. 
 
Some preliminary results from a recent survey, which is been applied to some of the main companies 
with large fleets, indicate that the majority of the medium and large trips are changing paths, few trips are 
changing transportation time (nigh-time) and others are changing vehicle type. Hence, additional research 
is needed in order to analyze the impacts of the mentioned measures on the trips of medium and large 
trucks; such research must include an extensive time period analysis (not just for rush hour) and take into 
account the findings of the mentioned survey. 
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